Major histocompatibility complex (MHC) genes encode cell surface proteins whose function is to bind and present intracellularly processed peptides to T lymphocytes ofthe immune system. Extensive 
imply that the moose have lost MHC diversity in a population bottleneck, prior to the divergence of the Old and New World subspecies. Sequence analysis of mtDNA showed that the two subspecies diverged at least 100,000 years ago. Thus, viable moose populations with very restricted MHC diversity have been maintained for a long period of time. Both positive selection for polymorphism and intraexonic recombination have contributed to the generation of MHC diversity after the putative bottleneck.
The major histocompatibility complex (MHC) class I and class II molecules exhibit an extraordinary high degree of genetic polymorphism in many vertebrate species (1) . The MHC polymorphism occurs predominantly at residues involved in peptide binding (2) (3) (4) , and there is compelling evidence that the polymorphism is maintained by some form of balancing selection (5) (6) (7) (8) . The essential role of the MHC molecules for immunological recognition of foreign peptide antigens implies that the cause for this selection is related to the influence of MHC polymorphism on host defense against pathogens (9, 10). Consequently, it has been suggested that species with low MHC polymorphism may be particularly vulnerable to infectious diseases (11, 12) .
The moose is the largest deer in the world and has a circumpolar distribution in the Northern Hemisphere. It evolved in Eurasia and entered America by way of the Bering land bridge during the Pleistocene (13) . The moose from the Old and New Worlds are considered to be subspecies (14) . Our interest in characterizing MHC polymorphism in the moose is due to the occurrence of high mortality caused by a nematode (Elaphostrongylus spp.) parasitizing the central nervous system (15) , as well as a wasting disease associated with a recently identified retrovirus (16) . We have observed low levels of MHC polymorphism in Swedish moose for both class I genes and for class II DQ and DR genes by using restriction fragment length polymorphism and single strand conformation polymorphism (SSCP) analyses (H. Ellegren (Fig.  4) ; the insertion was not included in the phylogenetic analyses.
We observed an average pairwise nucleotide distance of 3.9% between mtDNA sequences from different continents.
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70 BoLADRB3*1A GAG TAC TGG AAC AGC CAG AAG GAC TTC CTG GAG GAG AAG CGG GCC GAG GTG GAC AGG 
Comparison of genomic (g) and cDNA (c) sequences obtained for the moose allele AlalDRB1*4; the designation of the moose allele follows the proposed nomenclature for MHC genes (27 locus which is the most polymorphic one (17, 18 The well-established trans-species mode of evolution of MHC polymorphism implies that the accumulation of MHC diversity is a slow process (4). Thus, it will take a long time to restore MHC diversity after a population bottleneck. The moose data are consistent with this hypothesis regarding the tempo in the accumulation of new point mutations. Four of the six amino acid substitutions were shared between the two subspecies, and we can thus infer a maximum of two substitutions which have been established in one of the populations during the last 100,000 years. In contrast, our data imply that the occurrence of new MHC alleles by recombination events can be a much more rapid process.
It is likely that some of the observed alleles have been generated by recombination events subsequent to the divergence from a common ancestor since only one of the ten alleles was shared between continents ( Table 1 ). The interpretation that shuffling of polymorphic motifs by intraexonic recombination has occurred at the moose DRB1 locus is supported by the striking sharing of polymorphic sequence motifs among the 10 alleles (Fig. 1A and B) . Alleles 3 and 4 provide a strong case for this contention, as they share identical exon 2 sequences, including the synonymous substitution at codon 85, except at codons 71 and 74, where allele 3 is identical to alleles 5, 9, and 10 ( Fig. 1B) . We can exclude the possibility that some of the alleles reported here are due to PCR artifacts, as the data were generated by direct sequencing of amplified products, and the existence of each allele was corroborated by SSCP analysis. This study, together with the observations of recombinant class I alleles in tribes of South American Indians (33, 34) Fig. 1 ). This is expected to cause a restricted repertoire of peptides presented by DR molecules in the moose. Our previous restriction fragment Proc. NatL Acad Sci USA 92 (1995) 4263 length polymorphism study of Swedish moose also showed that class I and class II DQ genes are only weakly polymorphic in this species (H. Ellegren, S.M., K. Wallin, and L.A., unpublished data). Despite this, viable populations of moose have apparently been maintained for more than 100,000 years, and the species has been able to achieve a circumpolar distribution in the Northern Hemisphere; the moose population in Sweden only has been estimated at about 300,000 animals. Species with low MHC diversity have previously been documented (1, 11, 36, 37) , but the moose data are unique in the documented time span involved and that the low degree of polymorphism was verified by DNA sequencing.
It should be stressed that the results of this study in no way contradict that genetic diversity at certain MHC loci is maintained by balancing selection. On the contrary, it has provided evidence for selection since all observed amino acid substitutions occur at residues involved in peptide binding and since there was a significant excess of nonsynonymous substitutions at codons for the peptide binding site. However, the data are in agreement with the interpretation that the selection intensity at MHC loci is quite low (4, 38) . The MHC system is only one of many lines of defense against pathogen infections, and the level of MHC polymorphism does not necessarily have a large effect on the long-term survival of a population.
